Abstract Over the last decade, non-invasive, highresolution magnetic resonance imaging has allowed investigating normal brain development. However, much is still not known in this context, especially with regard to regional diVerences in brain morphology between genders. We conducted a large-scale study utilizing fully automated analysis-approaches, using high-resolution MR-imaging data from 200 normal children and aimed at providing reference data for future neuroimaging studies. Global and local aspects of normal development of gray and white matter volume were investigated as a function of age and gender while covarying for known nuisance variables. Global developmental patterns were apparent in both gray and white matter, with gray matter decreasing and white matter increasing signiWcantly with age. Gray matter loss was most pronounced in the parietal lobes and least in the cingulate and in posterior temporal regions. White matter volume gains with age were almost uniform, with an accentuation of the pyramidal tract. Gender inXuences were detectable for both gray and white matter. Voxel-based analyses conWrmed signiWcant diVerences in brain morphology between genders, like a larger amygdala in boys or a larger caudate in girls. We could demonstrate profound inXuences of both age and gender on normal brain morphology, conWrming and extending earlier studies. The knowledge of such inXuence allows for the consideration of age-and gender-eVects in future pediatric neuroimaging studies and advances our understanding of normal and abnormal brain development.
Introduction
Surprisingly little was known about normal brain development before the advent of non-invasive imaging methods since even large neuroanatomical collections contained almost no pediatric specimens, owing to the low mortality of normal children (Courchesne et al. 1996; Giedd et al. 1996) . Especially magnetic resonance imaging (MRI) has helped in unveiling the global and local processes taking place during normal brain development. The technique gives excellent soft tissue contrast while not carrying the risk of exposing the subject to ionizing radiation as in positron emission tomography (PET) or computed tomography (CT) studies used earlier (Ball and Dunn 1997) . Normal brain development has been the focus of a number of MRI-studies in the past, looking mainly at global aspects or local development in certain regions of interest (Castellanos et al. 2002; Caviness et al. 1996; Courchesne et al. 2000; Gogtay et al. 2002; Giedd et al. 1996; De Bellis et al. 2001; PfeVerbaum et al. 1994; Reiss et al. 1996; Sowell et al. 1999 Sowell et al. , 2003 . While recent studies are more exhaustive, care must be taken when drawing conclusions from some of the earlier studies which are hampered by a lower spatial resolution, fewer subjects or manual delineation procedures which tend to be more error-prone in larger samples (De Bellis et al. 2001; Sowell et al. 1999) . Another systematic error (Rivkin 2000) is the inclusion of an only "predominantly non-clinical" population (PfeVerbaum et al. 1994; Reiss et al. 1996) .
The aim of the present study was twofold: Wrst, results from previous studies should be conWrmed and extended with regard to global gray and white matter volume. Secondly, using advanced image analysis algorithms; global and local eVects of age and gender on gray matter morphology should be assessed within one work using a whole-brain approach in an independent large cohort of truly normal children. The comprehensive data obtained in this study is intended as a reference to be taken into account when planning and conducting pediatric neuroimaging studies.
Subjects and methods

Subject selection and screening
Children were recruited as part of an ongoing study on normal language development (Holand et al. 2001; Plante et al. 2006; Schmithorst et al. 2006 ) from the local community. Participants were not included in the study if one of the following criteria was met: history of previous neurological or psychiatric illness, head trauma with loss of consciousness, current or past psychostimulant medication, learning disability, birth at 37 weeks or less of gestational age, pregnancy, abnormal Wndings on clinical neurological examination, and clinical or technical contraindications to an MRI-examination (including orthodontic braces). Informed consent and/or assent and institutional review board approval were obtained for all subjects, in accordance with the Declaration of Helsinki.
Additionally, children were tested regarding their language and cognitive abilities, using the oral and written language scores (OWL, Carrow-Woolfolk 1996) and the age-appropriate version of the Wechsler-scale [Wechsler preschool and primary scale of intelligence (WPPSI-R), Wechsler intelligence scale for children, third edition (WISC-III), Wechsler adult intelligence scale, third edition (WAIS-III) Wechsler 1989 Wechsler , 1991 Wechsler , 1997 . Abnormal language functions or an IQ score of less than 80 were considered to be exclusionary criteria. All tests were administered in close temporal proximity to the MRI-scanning (usually within 3-4 weeks).
Results from subjects were also excluded if structural abnormalities (as determined by a qualiWed pediatric neuroradiologist) were found. Images were excluded if moderate or strong motion or blood Xow artifacts were present, using a rating scheme described earlier .
A total of 276 children imaged, 76 children did not meet the quality or epidemiological inclusion criteria. Therefore, 200 healthy children could be included in this study, 102 girls (51%) and 98 boys (49%). Mean age was 137.1 § 43.1 months (11.3 § 3.6 years), range 60-226.5 months (5-18.87 years). Neuropsychological testing revealed an average IQ of 112.7 § 13.9; range 80-147. All but 20 subjects were right-handed. Ethnic background was Caucasian in 178 (89%), AfricanAmerican in 12 (6%), Asian in 4 (2%), Multi-Ethnic in 3 (1.5%), Hispanic in 2 (1%), and native American in 1 (0.5%). Image quality was considered optimal in 38 children (19%), very good in 99 (49.5%), and good in 63 (31.5%). None of the above measures (IQ, gender, age, image quality, or handedness) correlated signiWcantly with any of the other measures, i.e., boys and girls not diVer signiWcantly on any measure. See also Tables 1 and 2 . To provide reference data for diVerent ages, the samples (boys and girls) were divided into three equally sized subgroups (to ensure equal statistical power) as shown in Table 2 .
MR-image acquisition and processing
Children were imaged using a Bruker Biospec 30/60 3 Tesla MRI scanner, equipped with a dedicated head gradient insert (Bruker SK330). A T1-weighted, whole-brain modiWed driven-equilibrium Fourier transform (MDEFT, Ugurbil et al. 1993 ) image was acquired (TR = 15 ms, TE = 4.3 ms, -time = 550 ms, Xip angle = 20°, matrix = 128 £ 256 £ 96, FOV = 19.2 £ 25.6 £ 14.4 cm, resolution = 1.5 £ 1 £ 1.5 mm).
All following procedures were completely automated and utilized functions available within the statistical parametrical mapping software package (SPM99, Wellcome Department of Cognitive Neurology, University College London, UK) running in MATLAB (MathWorks, Natick, MA, USA) unless stated otherwise. In order to achieve a better overlay with the axially oriented templates and to reduce partial voluming during further steps, images were resliced in the axial plane, using a sinc-interpolation algorithm (9 £ 9 £ 9 neighbors). From this step on, all images were written out and analyzed at a spatial resolution of 1 £ 1 £ 1 mm.
Spatial normalization was achieved with a combined linear (12 parameter) and non-linear transformation, using 7 £ 8 £ 7 discrete cosine transform basis functions, aiming at minimizing both the sum of squared diVerences between image and template and the energy cost-function of this transformation (Ashburner and Friston 1999) . Images were segmented into tissue classes using the combined pixel-intensity/a priori-knowledge approach implemented in SPM99 (Ashburner and Friston 1997) , using a correction for magnetic Weld inhomogeneities (Ashburner and Friston 2000; Chard et al. 2002) . All of our processing was based on custommade pediatric data since we could recently show that spatial normalization and segmentation in the pediatric age group is profoundly inXuenced by the morphological diVerences between a pediatric and a standard adult reference population (Wilke et al. , 2003a . To this end, study-speciWc templates and a priori referencedata were constructed in a Wrst step, based on all highquality images (n = 200). We implemented an optimized processing protocol for structural imaging studies (Good et al. 2001 ). This protocol aims at minimizing the contribution of and contamination by non-brain tissue to spatial normalization and segmentation and also allows for the investigation of true tissue volume instead of the more abstract concept of tissue density; this is achieved by the modulation with the determinant of the spatial transformation matrix (Jacobian modulation; Good et al. 2001 ). CSF-partitions were not investigated since both segmentation and normalization are more prone to errors in subjects with only small amounts of CSF (especially younger children; Wilke et al. 2003) . Figure 1 shows an overview Fig. 1 Overview over image pre-processing: images were Wrst normalized to the standard adult template (a) to yield a pediatric template (b). Pediatric tissue reference data was derived from the normalized images (c) and was used during the following optimized processing stream (d) to yield optimally normalized gray (e) and white (f) matter maps of our approach; details of this procedure have been published previously (Good et al. 2001) . The Wnal gray and white matter images were analyzed in diVerent ways as described below.
Data analysis
Approach
We aimed at investigating normal brain development at the global and local level, in order to examine the inXuence of gender and age. In order to achieve this, the following approaches were implemented for gray and white matter: a global analysis, providing information about the overall tissue volume (of gray or white matter, respectively) and an analysis of local changes, applying the concept of voxel-based morphometry. Tissue volume data was calculated for the whole group and for three (equally sized) subgroups in order to provide concrete reference data for subsequent studies. The approaches shall now be described in more detail.
Epidemiological variables
The following variables were considered variables of interest in all analyses: age (in months at date of MR exam) and gender. Due to the substantial inXuence on brain morphology, the full-scale IQ (as derived from the Wechsler scales), handedness (as per self-report), and an image quality parameter (determined by a single investigator for all images as reported before; Wilke et al. 2002 Wilke et al. , 2003a were considered covariates of no interest (nuisance variables; Amunts et al. 1996; Good et al. 2001; Lange et al. 1997; Reiss et al. 1996) . Also, while global eVects of tissue volume were investigated in a Wrst step, the eVect of globally diVering volumes was also accounted for in each analysis in a second step, as described below.
Global analysis
For the investigation of global eVects, the Wnal tissue partitions (gray and white matter, respectively) of all subjects were analyzed using a stand-alone script integrating the overall pixel intensity in the image, yielding global tissue volume (in cm 3 ). In a Wrst step, this data was analyzed qualitatively according to age and gender. The results were also entered into a multiple regression analysis, using the above-mentioned nuisance variables as covariates. Following this, the standardized residuals were further examined in order to investigate the eVect of age and gender (the covariates of interest). Note that due to the use of the standardized residuals (making the data follow a normal distribution with a mean of 0 and a standard deviation of 1), diVerences in global tissue volume between the groups are accounted for.
Local analysis
For the local analysis, the concept of optimized voxelbased morphometry was employed. Initially, the image volumes were smoothed with a Gaussian Wlter (FWHM = 12 mm). This step conditions the images to conform to the normality assumption underlying the subsequent statistical tests (Ashburner and Friston 2000; Good et al. 2001 ). Due to the matched Wlter theorem, it also determines the spatial scale at which structural changes are most sensitively detected (Genovese et al. 2002; White et al. 2001) . Employing the framework of the general linear model (Friston et al. 1995) , gray and white matter were analyzed separately treating age and gender as the covariates of interest, while handedness, full-scale IQ, image quality and global tissue volume were considered covariates of no interest.
Data visualization
The best Wt to the data was determined using an algorithm that ensures that the "merit function" (describing the disagreement between the data and the model) is minimized. The model explaining most of the variance in the data, as reXected in the correlation coeYcient (r), was chosen. SigniWcance was assumed at P = 0.05, which, in the case of the correlation coeYcient, was derived using a Fisher Z-transformation. For the voxel-based analysis, a correction for multiple comparisons was employed (Genovese et al. 2002) , as well as an additional extent threshold of 25 voxels. Statistical overlays were generated using functions within MRIcro (Rorden and Brett 2000) .
Results
Global gray matter
Gray matter volume correlated with gender, with boys having signiWcantly more global gray matter (842 § 103 vs. 745 § 115 cm 3 , P < 0.0001). Factoring out global as well as nuisance eVects showed a strong inXuence of gender and age. For both genders, the correlation with age was best described by a third order polynomial function (boys r = 0.401, P < 0.0001, maximum/minimum 91/183 months; girls r = 0.365, P < 0.0001, maximum/minimum 102/202 months); see Fig. 2 and Table 3 .
Global white matter
White matter also correlated with gender, with boys having signiWcantly more global white matter (378 § 37 vs. 347 § 33 cm 3 , P < 0.0001). Factoring out global as well as nuisance eVects again showed a strong inXuence of age, with a weaker inXuence of gender. Again, the relation was best described with a third order polynomial function (boys r = 0.357, P = 0.0001; girls r = 0.391, P < 0.0001); see Fig. 2 and Table 3 .
Local gray matter
Gray matter volume loss was most pronounced in the parietal lobe, while large aspects of the frontal and temporal lobes showed a positive eVect of age (green and red in Fig. 3 ). Gray matter volume is also inXuenced by gender in that girls have a proportionally larger caudate and cingulate gyrus, while boys show proportionally higher volumes in posterior temporal and insula regions (green and red in Fig. 4) . Also note distinct area of higher volume in girls in left inferior frontal region.
Local white matter
The positive eVect of age on white matter is most pronounced in the pyramidal tract, in fronto-polar and temporal regions (red in Fig. 5 ). Negative eVects were only found in one small high-parietal cluster. Boys had proportionally higher volume in most brain regions, with a relative sparing of the pyramidal tract (red Fig. 6 ). No regions were found where girls had proportionally higher volumes. 
Discussion
Subjects and methods
In this study, we provide reference data on normal brain development as assessed with magnetic resonance imaging in one of the largest groups of truly healthy children hitherto published. Such large and carefully selected samples seem necessary in order to account for the high degree of variability in brain morphology in children (Evans et al. 2006; Giedd et al. 1996; Gogtay et al. 2004; Lange et al. 1997) . Investigating normal children avoids the pitfalls of using "apparently normal" subjects (Courchesne and Plante 1996) and allows for the generalization of Wndings to the population as a whole (Rivkin 2000) . Regarding our methodology, we employed a hypothesis-free, automated approach within a widely used software solution, allowing to investigate true tissue volume. We also used our own, customary reference data for spatial normalization and segmentation, which signiWcantly inXuences the results from such studies (Good et al. 2001) , especially in children (Wilke et al. , 2003a . While the accuracy of spatial normalization of imaging data from children in the range of about 8 years was suggested to be adequate for the coarse resolutions of functional data (Burgund et al. 2002) we do not believe that this does justice to the high-resolution data obtainable in current functional or anatomical studies. Overall, our procedures should therefore result in an increased sensitivity and speciWcity compared to conventional approaches using possibly non-appropriate reference data.
The data obtained in this study was meant to conWrm and extend earlier Wndings (Castellanos et al. 2002; Courchesne et al. 2000; Gogtay et al. 2004; Giedd et al. 1996; Reiss et al. 1996) in one comprehensive study, providing current reference data for normal brain development. Selected Wndings will be discussed shortly below. For a more extensive review of the topic in general, a number of excellent recent overviews is available (Barkovich 2000; Casey et al. 2000; Durston et al. 2001; Eliez and Reiss, 2000; Gogtay et al. 2002) .
Global analyses
Gray matter volume shows a signiWcant decline in late childhood, in line with earlier studies (Castellanos Giedd et al. 1996; PfeVerbaum et al. 1994) . As described before, boys do not only have signiWcantly more gray matter but also show a diVerent pattern in that both the Wrst and the second inXection point of the curve (maximum and minimum gray matter volume) are reached earlier in boys than in girls. The explicit contribution of purely physical characteristics like body weight or height was not investigated in this study. As, however, those will again be highly correlated with gender, the additional eVect over gender alone can be expected to be negligible. The global gray matter "gender gap" widens slightly from about 11% (higher gray matter volume in boys) in the young children to about 15% in the older ones. This could be explained by similar mechanisms taking place, but to a diVerent extent or with diVerent time courses in girls and boys. There is at present not enough data to demonstrate which underlying inXuences model these diVerences: genetic, environmental, hormonal, or combined inXuences would seem to be the most likely candidates (Cameron 2001; De Bellis et al. 2001; Thompson et al. 2001 ).
We modeled the trends in our data using a third order polynomial function, explaining most of the variance in our data. Such functions were used before to describe developmental eVects in brain morphology (PfeVerbaum et al. 1994; Reiss et al. 1996; Wilke et al. 2003b) . While earlier studies limited the model so that only a decline in volume would be allowed after puberty (PfeVerbaum et al. 1994) , we have speciWcally abstained from constraining our model in such a way. While global eVects must be expected to dominate the whole-brain tissue volume, increases in gray matter volume have been shown even in late adolescence and adulthood (Sowell et al. 2003) , which could very well inXuence the global pattern. Therefore, while it must be acknowledged that the slight global volume increase in the older children predicted by our model could reXect an artifact inXuenced by a small number of children at the upper end of the age-bracket, it could also be a sign of a shift in the balance between processes leading to volume decreases or increases, respectively.
White matter volume increases signiWcantly in the age range studied, and in an almost linear fashion. DiVerences between the genders again are signiWcant Fig. 4 Local gray matter volume: eVect of gender, rendered and overlaid on the averaged gray matter partition. Blue-green gray matter increases in girls; yellow-red gray matter increases in boys; P = 0.05, corrected, extent threshold = 25 voxels; neurological orientation (r = r). Note: increased amygdala volume in boys and larger caudates in girls in that boys have signiWcantly more white matter than girls (see Fig. 2 ; Table 3 ). The relative increase with age, though, is almost identical [7.81/7.4% (boys/girls)], as is the curve-Wt best describing this process. Most of these Wndings are in line with earlier studies on this issue (De Bellis et al. 2001; Giedd et al. 1999 ) except for the fact that these studies had found greater volume increases in boys than in girls. At least when expressed in percentage changes, this is not apparent in our data. Boys did, however, gain more white matter in absolute terms [30.56/26.57 cm 3 (boys, girls) ], illustrating the value of examining such eVects in both absolute and relative terms.
Local analyses
It should be noted that, in the local analyses, the corresponding global tissue volume was used as a covariate of no interest. Therefore, the results shown represent changes independent of and not explained by global changes. If, for example, boys and girls were compared without accounting for global diVerences, boys would be found to show more gray matter everywhere in the brain. It is only by taking into account such global eVects that such local diVerences between groups can be uncovered (Good et al. 2001 ).
For gray matter volume, the eVect of age is striking in that mostly posterior brain regions (parietal lobe) show a pronounced negative eVect of age, while mostly anterior and inferior brain regions (frontal, temporal lobe) show a positive eVect of age. ConWrming earlier studies Sowell et al. 1999 Sowell et al. , 2003 , this mirrors the general pattern of brain maturation (as, for example, seen during myelination; Barkovich 2000; Sampaio and Truwitt 2001; Staudt et al. 1994) , i.e., posterior to anterior and inferior to superior, but with inverted polarity: the earlier-maturing cortical regions show a more pronounced loss of gray matter. In other words, later-developing brain regions seem to be relatively spared from such regressive events, allowing for speculations on the phylogenetic role of diVerent brain regions (Bourgeois 2001) . It is also interesting to note that, according to earlier morphometric studies, it seems to be mostly the formation and elimination of synapses that account for the volume changes, while absolute neuronal numbers do not change signiWcantly (Huttenlocher 1990 ). In line with this observation and earlier studies (PXuger et al. 1999) , medial temporal lobe structures were detected to show a relative volume increase in childhood in our sample. Interestingly, a region in posterior temporal regions bilaterally was also detected to exhibit relative volume increases in this sample, again conWrming and extending Fig. 5 Local white matter volume: eVect of age, overlaid on the averaged white matter partition. Blue-green negative eVect of age; yellow-red positive eVect of age; P = 0.05, corrected, extent threshold = 25 voxels; neurological orientation (r = r). Note: accentuation of the pyramidal tract earlier studies on smaller samples (Sowell et al. 1999 (Sowell et al. , 2003 . This region was also implicated in a recent study correlating gray matter volume and cognitive abilities (Wilke et al. 2003b) .
A larger size of the amygdala complex in males has been described before in both children and adults (Good et al. 2001; Durston et al. 2001) , and it is again interesting to consider the inXuence of genetics on this diVerence. This is possible in cases of sex chromosomal aneuploidy: children with the chromosomal pattern of Klinefelter syndrome (47, XXY) have been shown to have smaller amygdala than comparable boys (Patwardhan et al. 2002) , again pointing towards a direct or indirect inXuence of sex chromosomes on brain structure. Such eVects have long since been hypothesized on theoretical grounds, and a number of recent studies have lent support to this theory (see Cameron 2001, for review) . Interestingly, the diVerences are more prominent in the left amygdala and are only detectable on the right side when exploring lower thresholds (data not shown). They do, however, also reach signiWcance on the right if only changes in the temporal lobe are considered (small volume correction, corrected P = 0.02), hinting at the problem of possibly too strict corrections for multiple comparisons in studies like this one (Genovese et al. 2002) .
In a number of studies, girls have been reported to show relatively higher caudate volumes (see Durston et al. 2001 , for review), which again we are able to conWrm in our sample. Note that, due to the size of the smoothing Wlter, the bilateral changes in the caudate are detected as one signiWcant cluster in the midline. The use of smaller Wlter widths might be necessary in order to detect such small-scale changes more sensitively (White et al. 2001) . It should be noted that despite this methodological restriction, we were able to conWrm earlier studies on such small structures like the amygdala and the caudate without restricting our search volume to either, or indeed, any structure of interest. In our opinion, this conclusively demonstrates the sensitivity and reliability of this approach.
It is also interesting to note that girls were found to have a proportionally higher gray matter volume in a very distinct area of the inferior frontal gyrus on the left side only (see Fig. 4 ). This is in line with earlier results from manual tracing studies demonstrating such diVerences in language-related areas (Harasty et al. 1997) and recent functional neuroimaging studies , allowing for speculations as to the underlying mechanism for the overall higher performance of girls in tests of verbal functions for which as yet no clear neurophysiological basis has been found Fig. 6 Local white matter volume: eVect of gender, overlaid on the averaged white matter partition. Blue-green: white matter increases in girls; yellow-red: white matter increases in boys; P = 0.05, corrected, extent threshold = 25 voxels; neurological orientation (r = r). Note relative sparing of the pyramidal tract (Binder 2000) . While the exploration of such relationships would principally be possible in our data, it was not the focus of the current study. In this context, the proportionally higher gray matter volume in portions of the anterior cingulate is also interesting since it is among the brain regions involved in semantic processing and, again, replicates earlier Wndings (Binder 2000; Good et al. 2001) . It should be noted that at least part of this eVect is likely explained by a higher volume of CSF in the intrahemispheric Wssure in boys, as demonstrated before in adults (Good et al. 2001) .
While overall white matter volume almost monotonously increases with age, certain regions show an accentuated correlation with age, especially the pyramidal tract. This very nicely conWrms earlier structural and diVusion tensor imaging studies Schmithorst et al. 2002) . Again in line with data on myelination, other central white matter regions seem relatively stable, while more peripheral regions, myelinating later (Sampaio and Truwitt 2001; Staudt et al. 1994) , are heavily correlated with age. Only one very small high-parietal cluster was found to have a negative correlation with age, possibly reXecting an eVect secondary to the accentuated parietal gray matter volume loss (see above).
With regards to gender eVects, girls did not show any region with proportionally higher white matter tissue volumes than boys. In contrast to this, there are a number of regions where boys have proportionally higher white matter volumes than girls, interestingly with a relative sparing of central aspects of white matter. This is in line with earlier observations of white matter increases being mostly secondary to gray matter increases (Good et al. 2001) , which are less prominent for girls in this sample. Again, a diVerent smoothing width might be able to more sensitively detect such changes on a smaller scale.
Possible implications
There are a number of possible implications studies like this one have:
• Relevance for future neuroimaging studies: future studies trying to assess diVerences between groups need to take into account that a number of brain regions show strong diVerences between the genders and strong changes with age. This is not only important for structural, but also for studies using functional imaging methods (Casey et al. 2000; Plante et al. 2006; Rivkin 2000) , since the underlying morphology of a given structure will also inXuence the amount and/or quality of signal derived from them.
• Relevance for basic neuroscientiWc questions: it is tempting to speculate that a (simple or complicated) structure-function relationship may, at least in part, be responsible for some well known clinical observations: larger language cortex in girls M better language functions; larger caudate nucleus in girls M less prone to develop ADHD; larger amygdala in boys M less prone to develop mood disorders (Binder 2000; Durston et al. 2001; Eliez and Reiss 2000) . While the simple arrow in these examples certainly is a vast oversimpliWcation, they may serve to illustrate what kind of information may be gained by investigating such a "normal", but immensely complex process as the orderly development of the human brain. The task of unraveling the details of this process has only just begun.
• Relevance for our understanding of normal development: the developmental patterns that emerge following this and other MRI studies allow to develop and test theories on how normal development is inXuenced and how the observable changes in diVerent areas interrelate. Establishing such patterns would allow observing developmental abnormalities much earlier.
• Relevance for our understanding of pathological processes: both the knowledge of normal and the only thus-possible description of abnormal development allow to further investigate diseases with a putative developmental component, like ADHD or obsessive-compulsive disorder (Durston et al. 2001; Eliez and Reiss 2000) . The strong inXuence of gender on many of the epidemiological features of those disorders (e.g., prevalence, age of onset, and clinical symptomatology) may itself be a manifestation of underlying structural diVerences between the genders; knowledge of such diVerences will thus further our understanding of these common childhood disorders.
Possible limitations of this study
It should be noted that our three age groups cover diVerent age ranges and that the gender subgroups groups are partly signiWcantly diVerent with regard to age (e.g., the young girls are slightly older than the young boys). This precludes straightforward comparisons between these subgroups; the characteristics laid out in Table 2 should be kept in mind when analyzing the respective tables.
As noted before (Wilke et al. 2003b) , our approach to study volumetric eVects has the advantage of being fast, accurate, and reproducible, but (in a given single case) may yield less accurate results than a careful manual delineation of the structures of interest. Nevertheless, we think that by choosing an advanced imageprocessing stream and taking into account the speciWc problems when analyzing pediatric brain data , reliability of our data should be high. Moreover, manual-tracing procedures would have been prohibitively time-consuming due to the large sample size we were able to investigate, which eVectively requires the use of an automated approach.
As to the "local" analyses, it should again be noted that, due to the matched Wlter theorem, we were most sensitive to tissue changes on the spatial order of the smoothing Wlter (i.e., 12 mm; White et al. 2001) . While comparable widths have been used repeatedly in gray matter studies (Wilke et al. 2001; Wright et al. 1999) , the adequate Wlter size for white matter has not yet been thoroughly investigated. For ease of comparability, we chose to apply the same Wlter widths for both analyses, but it should be kept in mind that choosing a diVerent width would have inXuenced the resulting pattern.
